Background: Antibiotics are frequently prescribed for upper acute respiratory tract infections (ARI) in the emergency department. To reduce inappropriate overprescribing, it is necessary to understand factors influencing physicians' decisions to prescribe antibiotics. Objective: Analyze the judgment policies of emergency physicians to determine factors predicting antibiotic use. Design: Paper case vignette study. Participants: 104 emergency physicians from Wisconsin. Measurements: We used judgment analysis to derive the policies of 104 emergency physicians from their responses to 20 case vignettes. We designed the cases such that each physician's use of clinical findings and patient factors could be inferred from the decisions they made about each case. Findings were compared to primary care practitioners (PCPs) in Colorado responding to the same paper cases to examine differences in factors influencing prescribing among the two groups. Results: The emergency physicians said they would prescribe an antibiotic (yes/no) in 51.4% of cases compared with 44.5% in the Colorado study. The majority of emergency physicians gave the greatest weight to duration of illness (51%), followed by temperature (20%) and cough (12%). Conclusions: These emergency physicians prescribed antibiotics more frequently than the Colorado PCPs. There was little difference in how clinical findings were weighted, suggesting this was not the source of the higher prescription rate among the emergency physicians. The considerable emphasis on duration of illness suggests that this would be a productive area for educational efforts to reduce antibiotic prescribing for ARI in the emergency department.
Introduction
Increase in antibiotic resistance related to antibiotic use and overuse remains a growing concern. The Centers for Disease Control has published guidelines for the appropriate use of antibiotics for upper respiratory infections and bronchitis in the hope of decreasing inappropriate use [1] - [4] . Despite consensus and recommendations that antibiotics are not necessary for the vast majority of acute respiratory infections (ARI), inappropriate prescribing of antibiotics for these conditions continues as a major public health challenge [5] . Interventions to modify antibiotic overuse, targeted at both physicians and patients have had mixed results [6] [7] . Inappropriate antibiotic use has decreased somewhat [8] , but antibiotics are still inappropriately prescribed in up to half of emergency department (ED) visits for ARI [9] .
Emergency providers are often cited as the worst offenders of the overuse of antibiotics [10] . Reasons given for these cited differences include: patients in the ED may be worse, may be less likely to have insurance, may lack access to good medical follow-up, and may have different expectations regarding the need and desire for antibiotics than those in primary care [11] .
A better understanding of the judgment process that underlies antibiotic prescribing could improve our ability to devise appropriate strategies for reducing antimicrobial usage. We conceptualized the decision to prescribe antibiotics using a Bayesian framework. Each physician starts with an expected prior probability of prescribing antibiotics for ED patients with acute respiratory illness. For any given patient, consideration of both clinical and circumstantial patient factors then leads to a posterior probability of prescribing antibiotics. Clinical factors include signs and symptoms related to the likelihood of bacterial infection. Patient factors include a number of other reasons favoring antibiotic prescribing such as patient demand, prior experience with antibiotics, poor access to follow-up or perceived severity of illness.
Previous studies of antibiotic use for respiratory infections have predominantly focused on primary care settings and these findings may not necessarily apply to the ED setting [12] - [14] . In an earlier study using hypothetical case scenarios, primary care practitioners (PCPs) in Colorado prescribed antibiotics for ARI at twice the rate of physicians following CDC practice guidelines. The most important factor was duration of illness-circumstantial patient factors were unimportant in deciding whether to prescribe antibiotics [14] . We used these same case scenarios to identify factors that influenced antibiotic prescribing by emergency physicians and compared them to the factors used by PCPs in the earlier study.
We hypothesized that the differences in antibiotic use of ED physicians compared to primary care physicians could be accounted for by differences in how the two physician groups weight both clinical and circumstantial patient factors. We anticipated that ED physicians would give more weight to patient factors than the primary care practitioners.
Methods
To allow comparison between emergency physicians and community practitioners, we used the same methodology of judgment analysis to study Wisconsin ED physicians as that previously reported for Colorado community practitioners [14] . Judgment analysis models judgment using regression techniques to infer weights of clinical factors in hypothetical clinical vignettes based on subjects' estimates of their likelihood of prescribing antibiotics for each vignette. Because the variables in the vignettes are systematically varied according to a factorial design, subjects must make tradeoffs among factors when judging the probability they would prescribe antibiotics in a given vignette.
Paper Case Vignettes
We used the same 20 vignettes used in the earlier study of community practitioners' prescribing of antibiotics in ARI [14] . After reading each case, respondents were asked whether or not they would prescribe antibiotics for this patient [yes/no] and how likely it was they would prescribe antibiotics (0 -100 scale).
The vignettes contained 9 factors, which included both clinical and patient findings ( Table 1 ). The patient findings were those that might have affected treatment but not diagnosis, such as patient expectation for antibiotics or a pending trip or the patients' belief they were seriously ill. These factors have been found in other studies to influence prescribing decisions [13] . Each case presented the same variables in either a positive or negative form (e.g., "no cough" or "productive cough with yellow sputum"). To reduce the number of cases each participant had to evaluate, the findings are presented using a fractional factorial design that presents all important combinations of findings and allows analysis of the main effects and selected first-order interactions in 20 cases rather than the 512 that would be required for a full factorial [14] .
Participants
We recruited emergency physicians from members of the Wisconsin Chapter of the American College of Emergency Physicians (WACEP). Paper case vignettes were sent to all 272 members of the WACEP. We sent a second mailing to those who did not respond. A total of 104 (38%) emergency physicians returned completed questionnaires. We did not survey other providers, such as nurse practitioners, that might also be working in emergency departments. The survey was conducted in 2006. No demographic data was collected from the participants. The study was reviewed by the Institutional Review Board and considered to be exempt.
Analysis
We derived the weights for the clinical variables using the method of judgment analysis [15] [16] . Participants did not explicitly state whether or not they were influenced by a variable. Rather, a linear model for each practitioner was constructed using regression analysis to infer the weight of each variable from the judgment made about each case (the likelihood they would prescribe antibiotics] given the presence or absence of that variable. We used an idiographic approach: i.e., we first calculated each individual practitioner's weights and then combined the results to produce aggregate data. Analyses were done with the SAS statistical programs (SAS Institute, Inc. version v9.2 Cary, North Carolina). We then compared the results with those of the Colorado primary care practitioners previously reported [14] .
Results
The 104 emergency physicians were more likely to prescribe antibiotics than the Colorado primary care practitioners. The average likelihood of prescribing an antibiotic was 50.4% (95% CI 49.0 -51.8) for our population compared with 43.6% (95% C.I 42.1 -45.1) for the Colorado community practitioners, with a median likelihood of 50% and 40% respectively for the 2 groups. Emergency physicians said they would prescribe an antibiotic (yes/no) in 51.4% of cases for our study, compared with 44.5% in the Colorado study.
Judgment Analysis
The 104 individual judgment models were first summarized by averaging individual practitioner's weights for each factor. Figure 1 compares the average weighting pattern of the ED physicians to the primary care practitioners. The patterns are strikingly similar. As with the community practitioners, emergency physicians gave by far the most weight to the duration of the illness (3 to 5 days versus 14 days). Both groups gave virtually no weight to patient expectation for antibiotics, report of prior antibiotic efficacy, or a report of pending travel. Of the remaining factors, severity of illness received the least average weight at about five percent of total.
To determine if the weighting of any factor was influenced by the state of other factors, we calculated the first order interactions. In this study productive cough x temperature and duration x temperature were significant, as they had been in the Colorado study [14] .
Variation among Individual Practitioners
ED physicians varied considerably in both the patterns of weights of the clinical or patient factors and the range of weights for each individual factor. There was concordance, however, among individual physicians regarding which factor had the greatest weight. Duration of illness was the most important factor for both groups. For each factor, Figure 2 shows the percent of individuals in each group giving that factor the highest weight in the decision to prescribe antibiotics. The results in the emergency physicians were similar to that in the Colorado study both in terms of degree of variability and in the relative weighting of factor importance.
Discussion
In this judgment analysis of ED physicians' strategies for antibiotic prescribing in patients with ARI, we found a greater propensity to prescribe antibiotics among the ED physicians compared to a previously studied group of community practitioners who made judgments about the identical set of clinical vignettes [14] . Despite the higher likelihood of prescribing antibiotics among the ED physicians, the two groups showed nearly identical aggregate patterns in how clinical and patient factors influenced their decisions. Thus the differences in antibiotic prescribing could not be accounted by differences in how the two groups weighted either the clinical or the patient factors in the vignettes. On average, an ED physician in this study was more likely to recommend antibiotics than a community practitioner evaluating the same vignette.
The high rate of antibiotic recommendations by ED physicians in our study is also reported in actual patient settings. Gonzales et al examined the patterns of antibiotic use for ARIs in acute care settings, which included veterans affairs (VA) and non VA EDs [17] . Of 2270 ARI visits, 62% were for antibiotic-nonresponsive diagnoses (such as acute bronchitis): 72% of acute bronchitis and 38% of URI visits were treated with antibiotics. These data suggest that inappropriate prescribing is a major problem in the ED setting. In reviewing patients diagnosed with bronchitis in ED patients in the Pittsburgh Healthcare System and the Philadelphia VA Medical Center, Aspinal and colleagues found that antibiotics were prescribed in 78% of patients [18] . In this study, we sought to achieve a better understanding of clinical factors that may influence emergency physicians' decisions about prescribing antibiotics in ARIs. Our results also show that duration of illness is the most important factor influencing prescribing in these cases: the weighting for duration was twice that of any other factor, as it was in the Colorado study as well [14] . Other than for acute rhinosinusitis, where longer duration may make a bacterial etiology more likely, there is little reason to think that a longer duration of illness would warrant more antibiotic use. The interactions of duration with cough and temperature support the hypothesis that over-prescribing for bronchitis is an important contributor.
In our study, we did not find that emergency physicians rated patient expectations or any of the other patient factors as important when considering antibiotic prescribing. This is in contrast to other studies that have found that patient factors are important elements influencing prescribing [11] [13] [19] [20] . In a study of adults and children presenting with symptoms consistent with upper respiratory infection in ten academic EDs, Ong et al. found that physician factors associated with greater likelihood of prescribing antibiotics included patient expectation, although they were able to correctly identify only 27% of the patients who expected antibiotics [11] .
There are several possibilities for the lack of importance of patient factors in the decision to prescribe antibiotics. Since most studies of patient factors rely on physicians' self-report of what influences their decision, it may be that practitioners overestimate the effect of patient factors or may use them to rationalize a decision to prescribe. Previous studies have shown that decision makers often have poor insight into their own decision policies and that the weights derived from judgment analysis are better at predicting future decisions [21] . An alternative explanation is that patient factors are indeed important, but that the written descriptions of the patients' wishes in this study did not have the impact of a face-to-face presentation and thus underestimated their effect.
Besides non-clinical patient factors, another possible reason that ED physicians may prescribe more antibiotics for ARI is that they may consider the rate of bacterial etiology of ARIs to be higher in the ED population because they are sicker on presentation. This patient factor was represented in the vignettes by whether the patient "considered the illness so severe that treatment is needed". This factor, however, received the lowest weighting of all clinical factors in deciding on whether to prescribe antibiotics. This lack of influence makes it less likely that the higher prescribing rate by ED physicians is due to an impression that the ED patients are sicker.
Summarizing the findings of our judgment analysis, we cannot account for the ED physicians' higher likelihood to recommend antibiotics based on how they weighted any of the factors in our case vignettes. A possible explanation for this finding would be expectation bias such that ED physicians might expect to see more patients in their practice setting for whom antibiotics are indicated compared with community practitioners. Their perceived base rate of patients needing antibiotics may have influenced their likelihood of recommending antibiotics independently of their perception of the weight of any given clinical factor. This expectation bias across different specialties was demonstrated many years ago in a study of children being evaluated for tonsillectomy where physician characteristics rather than patient characteristics determined whether or not tonsillectomy was recommended by them [22] .
Our study has several limitations. The decisions were made in response to paper case vignettes limited to 9 features and not actual patients. Descriptions of clinical findings and patient factors may have lacked the force they would have in patient encounters. Our sample was limited to board certified emergency physicians, and our findings may not be generalizable to urgent care centers or other health care environments that may employ part time MDs, physician assistants, or nurse practitioners. Practice patterns of these Wisconsin practitioners may vary compared with other geographic areas. We did not collect demographic data on the practitioners, such as age, gender, years in practice and type of population they provide care to, and those factors may play a role in prescribing decisions. Finally, the vignettes did not allow ordering further examinations or tests as might have been appropriate if pneumonia had been suspected. Finally, we received responses from 38% of our sample. However, unlike conventional surveys, the response rate is not as important for the main results in the study since we are not generalizing to the whole population of emergency physicians but instead are analyzing individual behaviors. Even when we compare rates of antibiotic prescriptions across types of providers, we clarify that we are not generalizing to the emergency physician population as a whole (or to the population of community practitioners). We cannot think of a response bias that would significantly affect cue weighting, since people are rarely aware of their own weighting.
In conclusion, we found that these emergency physicians prescribed antibiotics more frequently than PCPs responding to the same paper cases in an earlier study. These rates were both considerably higher than those of physicians who were instructed to apply the CDC guidelines for treatment of ARI. Although the treatment rates were higher among the emergency physicians, their weighting of the clinical findings was very similar to the primary care group, showing an influence of duration of illness double that of any other finding. This result suggests that differences in the importance given to findings are not the source of the difference in prescription rate.
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